Introduction
============

Obstetric hemorrhage remains a leading cause of maternal death.^\[[@R1],[@R2]\]^ During the past two decades, intra-operative cell salvage (IOCS) has been routinely practiced in many types of surgical operations to reduce the need for allogeneic blood transfusion and to avoid its related risks.^\[[@R3]--[@R5]\]^ However, the safety of IOCS in obstetrics has been questioned due to the perceived risk of contamination of the salvaged blood with amniotic fluid (AF) and the risk of maternal alloimmunization.^\[[@R6]--[@R10]\]^ A number of studies to date have demonstrated that AF contaminants were almost completely removed by a washing process combined with a leucodepletion filter, and serious complications have not been reported.^\[[@R10]--[@R17]\]^ The use of IOCS has been advocated for use in cesarean section (CS) where massive bleeding is expected, such as in the presence of abnormal placentation.^\[[@R18]--[@R20]\]^

It is standard practice to use two suction devices and to aspirate AF and blood before the delivery of the placenta.^\[[@R6],[@R10]--[@R14]\]^ In cases of placenta previa, cesarean section is sometimes conducted through a placental incision, and massive hemorrhage usually occurs before the delivery of the placenta. One suction device was previously shown to be safe for use in CS, as its use allowed AF contaminants, including squamous cells and alpha-fetoprotein (AFP), to be effectively removed.^\[[@R13],[@R21]\]^ However, data on whether IOCS utilizing one suction device can reduce blood waste and improve the collected red blood cell (RBC) volume during CS for placenta previa and/or accrete are still limited.

The aim of this study was to compare IOCS utilizing one suction device to that utilizing two suction devices during CS for placenta previa and/or accrete and to determine whether one suction device could safely improve post-wash RBC volume without increasing the risk of AF embolization and alloimmunization. We measured AF components and RBC volume following the use of one and two suction devices.

Methods
=======

Ethical approval
----------------

This study was approved by the Ethical Committee of the Women\'s Hospital of Zhejiang University School of Medicine (No. 20150105) and registered at ChineseClinicalTrials.gov (No. ChiCTR-INR-17012926). Written informed consent was obtained from all the patients.

Study population
----------------

The current study was performed in the Women\'s Hospital, Zhejiang University School of Medicine, from November 1, 2017 to December 1, 2018. The sample size was determined based on the results of our preliminary study, which showed salvaged RBC volumes to be 380 ± 30 mL in the one suction device group and 320 ± 40 mL in the two suction device group. Calculated with independent samples *t* tests using PASS^®^ (version 11.0.7 Windows, NCSS, LLC., Kaysville, UT, USA), a sample size of 24 in total (12 patients per group) would have 90% power to detect a difference between the two groups with a significance level of 0.05. We decided to enroll a total of 30 patients (15 patients per group) in the present study to allow for possible dropout. Therefore, a total of 30 patients with an American Society of Anesthesiologists physical status 2 who had placenta previa and/or accrete at 35 to 38 weeks of gestation and selected to undergo CS were enrolled in this study. Patients with infection, fever, diabetes or gestational diabetes, severe pre-eclampsia, significant coexisting maternal diseases such as cardiac disease or coagulopathy and those who refused to receive cell salvaged blood were excluded.

Study design and IOCS procedure
-------------------------------

Before the commencement of the study, 30 randomization codes were computer generated by a random number generator in Excel. The code for each patient was placed into a consecutively numbered envelope by a research nurse who did not participate in the study. An anesthesiologist opened the envelope before the surgery and assigned the patient to one of two groups: Group 1 (*n* = 15), using only one suction device to aspirate all blood and AF or Group 2 (*n* = 15), which employed a second suction device to aspirate as much blood and AF as possible before the delivery of the placenta.

A common iliac artery or internal iliac artery balloon was implanted before the patient arrived in the operating room. After arrival in the operating room, a 16-gauge peripheral venous cannula, a double lumen internal jugular vein cannula, and a 20-gauge radial artery cannula were inserted. Electrocardiography, pulse oximetry, and invasive blood pressure were monitored for all patients. All patients received a spinal anesthetic using 3 mL of 0.5% hyperbaric ropivacaine.

Using an aspiration unit (Cooker, Queensland, Australia), lost blood was suctioned into a cell salvage reservoir. Suction pressure was set at 100 to 150 mmHg. Aspirated blood was mixed with heparin (30,000 IU per liter of saline).

The collected blood was processed when the anesthetist or the surgeon estimated the blood loss to be more than 500 mL and sufficient blood had been collected in the reservoir. Using the quality wash program, the collected blood was washed by a Continuous Autotransfusion System (Fresenius Kabi AG, Bad Homburg, Germany). The washed blood was then run through a leucocyte depletion filter (LeukoGuard RS, Pall Biomedical Products Co., East Hills, NY, USA) under gravity.

A sample of the blood from the cell salvage reservoir (pre-wash sample), washed blood pack (post-wash sample), and filtered blood from the reinfusion pack (post-filtration sample) was taken for testing.

Blood sample assay
------------------

The following assays were made for each blood sample (pre-wash, post-wash, and post-filtration):

1.  According to one previous study,^\[[@R12]\]^ 5 mL of blood was added to CytoLyt solution (Cytyc Corporation, West Sussex, UK) to assess squamous cells. After centrifugation at 1200 × *g* for 5 min, the supernatant was discarded. The cell bullet was then resuspended in PreservCyt (Cytyc Corporation) and processed on a ThinPrep 2000 Processor (Cytyc Corporation). One alcohol-fixed slide per sample was generated. The slides were stained by using the Papanicolaou technique. A pathologist blinded to the sample counted the squamous cells under light microscopy. Counts were performed when squamous cells were present, with ten consecutive high-magnification fields counted. Counts were repeated three times and then averaged.

2.  Two milliliters of blood was injected into a sample tube containing ethylene diamine tetraacetic acid (EDTA) and placed in an envelope to avoid light degradation of the lamellar bodies. Lamellar body count was performed using a platelet channel on the Sysmex XE-2100 hematological analyzer (Sysmex, Kobe, Japan).

3.  Five milliliters of blood was taken to measure fat. After centrifuging the blood at 1200 × *g* for 5 min, the supernatant was taken to count the number of fat particles. Each slide was examined for the presence of fat under light microscopy by a pathologist who did not know the origin of the sample. Counts were performed when fat particles were present. Fat particles from ten consecutive high-magnification fields were counted; the counts were repeated three times and then averaged.

4.  Five milliliters of blood was transferred to endotoxin-free heparin tubes to measure the concentration of insulin-like growth factor binding protein 1 (IGFBP1). The blood was centrifuged at 1500 × *g* for 10 min at room temperature, and the supernatant was stored at −70°C until analysis. The serum concentrations of IGFBP1 were measured using enzyme-linked immunosorbent assay kit (Abnova, Taipei, Taiwan, China).

5.  Two milliliters of blood was transferred to endotoxin-free heparin tubes to measure the concentration of AFP. Blood was centrifuged at 1500 × *g* for 10 min at room temperature, and the supernatant was stored at −70°C until analysis. The serum concentrations of AFP were measured using automatic electrochemiluminescence immunoassay analyzer Roche E170 (Roche, Mannheim, Germany).

6.  Five milliliters of blood was transferred to endotoxin-free heparin tubes to measure the concentrations of albumin, lactate dehydrogenase (LDH), and potassium by using an automatic biochemical analyzer AU680 (Beckman Coulter lnc, Tokyo, Japan).

7.  Five milliliters of blood was injected into a sample tube containing EDTA for quantitative fetal hemoglobin by using the Kleihauer-Betke test with a HemoCue^®^ Plasma/Low Hb System (HemoCue Ltd, Derbyshire, UK).

Statistical analysis
--------------------

Statistical analysis was performed with the SPSS 17.0 software package (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used to evaluate normality of distribution for continuous data. The data with normal distribution were presented as mean ± standard deviation and those with abnormal distribution were shown as median (*Q*~1~, *Q*~3~). For comparisons of continuous data between the pre-wash, post-wash, and post-filtration samples, those with a normal distribution were analyzed by using one-way analysis of variance followed by Tukey\'s test, and those with a non-normal distribution were analyzed by using the Kruskal-Wallis test followed by Dunn test. For comparisons of continuous data between Group 1 and 2, Student\'s *t* test and Mann-Whitney *U* test were used as appropriate. A *P* \< 0.05 was considered statistically significant.

Results
=======

Patient characteristics
-----------------------

Thirty patients were enrolled in this study. In Group 1, the mean age of the patients was 34.3 ± 3.5 years, and the mean weight was 74.1 ± 4.1 kg. The mean age in Group 2 was 34.5 ± 3.8 years, and the mean weight was 73.9 ± 3.9 kg. The mean maternal hemoglobin level was 116.5 ± 12.0 g/L in Group 1 and 113.8 ± 13.2 g/L in Group 2. The indications for CS in the two groups are shown in Table [1](#T1){ref-type="table"}.

###### 

Indications for cesarean section in patients undergoing intra-operative cell salvage with one and two suction devices (*N* = 30).

![](cm9-133-638-g001)

Blood volume collected and salvaged RBC volume
----------------------------------------------

The total collected blood volume was 1765.6 ± 347.2 mL in Group 1 and 1123.3 ± 185.9 mL in Group 2 (*t* = 8.933, *P* \< 0.001). The salvaged RBC volume was 401.6 ± 77.2 and 330.1 ± 53.3 mL in Group 1 and Group 2, respectively (*t* = 4.175, *P* \< 0.001).

AF components and fetal RBC contamination
-----------------------------------------

AF contamination for both groups is shown in Table [2](#T2){ref-type="table"}. Fetal squamous cells were detected in all pre-wash, post-wash, and post-filtration samples, with a significant reduction at post-wash (both *P* *\<* 0.001) and further statistical reduction in post-filtration (both *P* \< 0.001). At post-filtration, squamous cells were found in three samples in each group with no significant difference between the two groups (*P* \> 0.05). Both lamellar bodies and fat were significantly reduced after wash (both *P* \< 0.001) and with no further statistical reduction after filter (both *P* \> 0.05). No lamellar bodies and fat were detected in all post-filtration samples in both groups. IGFBP1, an important marker of AF, was also evaluated. The post-wash levels were significantly reduced (both *P* \< 0.001) with no further statistical reduction seen post-filtration (both *P* \> 0.05). No significant difference in IGFBP1 at post-filtration was found between the two groups (*t* = 0.606, *P* = 0.547). Similarly, the AFP, albumin, LDH, and potassium levels were significantly reduced post-wash (all *P* \< 0.01), with no further statistical reduction observed in the post-filtration samples in either group (all *P* \> 0.05). There was no significant difference in the AFP (*t* = 0.795, *P* = 0.430), albumin (*t* = 1.387, *P* = 0.171), LDH (*t* = 0.614, *P* = 0.542), and potassium (*t* = 0.557, *P* = 0.580) levels at post-filtration between the two groups.

###### 

Comparison of the AF components in the blood salvaged with one and two suction devices during cesarean section in patients with placenta previa and/or accrete.
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Fetal RBCs were present in all post-filtration samples. The mean percentage of fetal RBCs post-filtration was (1.8 ± 0.8) % with a range of 1.0% to 3.5% in Group 1 and (1.9 ± 0.9) % with a range of 0.7% to 4.0% in Group 2. There was no statistically significant difference between the two groups (*U* = 188.5, *P* = 0.651).

Reinfusion of salvaged RBC and adverse events
---------------------------------------------

Nineteen patients received autologous blood (ten in Group 1 and nine in Group 2) finally. No adverse events were observed in these patients.

Discussion
==========

This study demonstrated that AF contaminants, including squamous cells, lamellar bodies, fat, IGFBP1, AFP, albumin, LDH, and potassium, could be effectively reduced by using either one or two suction devices in combination with a leucodepletion filter. Fetal RBCs were found in all post-filtration salvaged blood. Importantly, the salvaged RBC volume was significantly enhanced when using one suction device.

A previous study by Sullivan *et al*^\[[@R13]\]^ showed that, compared to the use of two suction devices, one suction device was associated with higher volumes of blood collection and RBC reinfusion. Although these differences were not significant in that study, a larger sample could potentially result in statistical significance. When massive bleeding occurs before the delivery of the placenta, such as in cases with abnormal placentation, one suction device may be used to reduce blood waste.

In an earlier study,^\[[@R10]\]^ fetal squamous cells were present in the majority of post-filtration samples. However, Waters *et al*^\[[@R12]\]^ showed that an advanced leucodepletion filter effectively reduces fetal squamous cell contamination. Sullivan *et al*^\[[@R13]\]^ also found that fetal squamous cells were present in only two of 34 samples post-filtration. Our study found that squamous cells were markedly reduced post-filtration and present in only six of 30 samples post-filtration, confirming the results of previous research.^\[[@R12],[@R13],[@R15]\]^

Our study showed that fetal squamous cells were present in post-filtration samples when either one or two suction devices were used. However, Sullivan *et al*^\[[@R13]\]^ found that fetal squamous cells were only found in post-filtration samples when one suction device was used. The reason for this difference is unknown but may be due to variations in different types of cell salvage machines and leucodepletion filters used in the previous and present studies. The contamination with fetal squamous cells may show no clinical significance.^\[[@R13]\]^ This lack of significance is observed because fetal squamous cells can be present in maternal circulation at the time of placental separation in both normal delivery and CS.^\[[@R12],[@R22],[@R23]\]^ In addition, AF embolism is no longer thought to be a result of the embolization of squamous cells but, rather, an anaphylactoid reaction triggered by an unidentified fetal antigen.^\[[@R7],[@R24]\]^

Consistent with published data,^\[[@R12]\]^ lamellar bodies, which serve as a marker of AF, were significantly reduced post-wash when two suction devices were used and were completely removed by filtering. However, no previous study has investigated the effectiveness of eliminating lamellar bodies by using one suction device. Our results found that lamellar bodies were also markedly reduced post-wash when one suction device was used, and they were completely removed by filtering.

Since reinfusion of fat particles may cause fat embolism, the elimination of fat during cell salvage is an important aspect of guaranteeing the safety of autologous blood.^\[[@R25]--[@R28]\]^ It has been reported that fat can be removed by using a continuous cell salvage device.^\[[@R28]--[@R30]\]^ The present study is the first to find that fat can be completely removed during CS by using either one or two suction devices.

Consistent with previous studies,^\[[@R12],[@R13],[@R15],[@R16]\]^ levels of AFP, albumin, LDH, and potassium were significantly reduced post-wash. This study was the first to examine the level of IGFBP1, which is an important AF marker,^\[[@R31]\]^ and found that IGFBP1 levels were significantly reduced post-wash when using either one or two suction devices.

As expected, RBCs were found in all post-filtration salvaged blood, a finding that is consistent with previous studies.^\[[@R10],[@R12],[@R13],[@R15],[@R16],[@R21]\]^ Fetal RBC contamination may be clinically significant when there are RBC antigen incompatibilities between the mother and fetus.^\[[@R13],[@R21]\]^ Rhesus factor antigen incompatibilities can be prevented by routine Anti-D immune globulin treatment throughout pregnancy.^\[[@R13],[@R21]\]^ Other antibodies, such as anti-K, anti-c, anti-Fy (a), and anti-Jk (a), which can lead to RBC antigen incompatibilities, may cause fetal hyperbilirubinemia and anemia in future pregnancies.^\[[@R13],[@R21],[@R32]\]^ However, fetal RBCs routinely enter maternal circulation during pregnancy and during vaginal delivery.^\[[@R12],[@R21]\]^ In addition, a sensitizing event or allogeneic blood transfusion during pregnancy may also result in maternal alloimmunization.^\[[@R13]\]^ Recently, Ralph *et al*^\[[@R21]\]^ reported that only anti-S antibodies had been detected at follow-up in one of 48 patients who received cell salvage reinfusion during CS. The clinical significance of anti-S antibodies is unknown, and that study was unable to determine whether the anti-S antibodies were formed as a result of the autologous blood reinfusion. To date, the clinical significance of fetal RBC contamination is uncertain, and follow-up with studies possessing larger sample sizes is required to evaluate the risk of maternal alloimmunization.

In this study, nineteen patients received autologous blood that had been collected by either one or two suction devices. Consistent with previous studies, no significant changes in blood pressure, heart rate, or other clinical complications were observed during autologous blood reinfusion.^\[[@R13],[@R16],[@R21]\]^ Several studies have reported that hypotension could be induced by rapid reinfusion of autologous blood following the use of a leucodepletion filter.^\[[@R33]--[@R35]\]^ The difference between our study and the above mentioned studies could be due to rapid volume resuscitation and slower reinfusion of autologous blood through a leucodepletion filter.

This present study contributes additional evidence for the efficacy of eliminating AF contaminants by using one suction device, which showed similar results to those obtained by using two suction devices. There was little to no possibility of AF contamination of the reinfused blood when a leucodepletion filter was used. Fetal RBCs were present in the reinfused blood, and further research is required to clarify the risk of maternal alloimmunization. One suction device may be used to reduce blood waste in cases with abnormal placentation when massive bleeding occurs before the delivery of the placenta.

In conclusion, performing cell salvage with one suction device rather than two such devices could result in higher volumes of salvaged RBCs and can be safely used when massive hemorrhage occurs during CS in patients with placenta previa and/or accrete.
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